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Intra- and inter-observer variability of 
evaluation of uterine cervix elastography 
images during pregnancy
Zmienność wyników uzyskanych przez różnych badających i przez tego 
samego badającego w ocenie obrazów elastograﬁcznych szyjki macicy 
ciężarnej
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 Abstract      
Objectives: To evaluate reproducibility and repeatability of the assessment of elastography images of the uterine 
cervix using an Elastography Index.
Material and methods: Elastography images of the uterine cervix were obtained. Numeric scale called Elasto-
graphy Index, previously published by the authors, was used to describe parts of the cervix. A total of 282 images 
were evaluated twice by an experienced and twice by an inexperienced operator. 
Results: Reproducibility and repeatability of the evaluation of internal and external os and cervical canal were over 
90%. Inter-assay coeﬃcient of variation was 1.84%, 6.76% and 7.27% respectively, and 5.84% for anterior and 
16.74% for posterior wall. Analysis of the second evaluation only of both operators revealed no signiﬁcant diﬀerence 
for posterior wall as well (F-test; p=0.09). 
Conclusion: Authors proved satisfactory reproducibility and repeatability of subjective assessment of elastography 
images of uterine cervix during pregnancy with the use of Elastography Index in the hands of experienced and 
inexperienced observer. 
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Introduction
8OWUDVRXQG HODVWRJUDSK\ KDV EHHQ SUHVHQWHG DV D QHZ
PHWKRGRIHYDOXDWLQJGLIIHUHQFHVLQWLVVXHVWLIIQHVVDOORZLQJIRU
DVXFFHVVIXODVVHVVPHQWRIFKDQJHVLQFHUYLFDOFRQVLVWHQF\EHIRUH
GHOLYHU\>@
7KH(ODVWRJUDSK\,QGH[D¿YHVWHSQXPHULFDOVFDOHGHVLJQHG
DQGSXEOLVKHGE\6ZLDWNRZVND)UHXQG WRGHVFULEHDUHDVRI WKH
FHUYL[HQDEOHVDFRPSDULVRQRIWKHUHVXOWVREWDLQHGLQGLIIHUHQW
SDWLHQWVRU LQ WKH VDPHSDWLHQWDW WLPH LQWHUYDOV >@$V LQ WKH
FDVHRIHYHU\QHZPHWKRGLQWUDDQGLQWHUREVHUYHUYDULDELOLW\LQ
LPDJHHYDOXDWLRQVKRXOGEHDVVHVVHG WRFRQ¿UPUHSURGXFLELOLW\
DQGUHSHDWDELOLW\RIWKHJHQHUDWHGVFRUHV
5HSHDWDELOLW\ LV DQDJUHHPHQWEHWZHHQ LQGHSHQGHQW UHVXOWV
REWDLQHG ZLWK WKH VDPH PHWKRG RQ LGHQWLFDO WHVW PDWHULDO DQG
XQGHUWKHVDPHFRQGLWLRQVZKHUHDVUHSURGXFLELOLW\LVFRQVLGHUHG
ZKHQ FRQGLWLRQV DUH GLIIHUHQW >@7KH WZR WHUPV DUH XVHG WR
PHDVXUH WKH SHUIRUPDQFH RI D VHOHFWHGPHWKRG RI H[DPLQDWLRQ
±JRRGWHVWVDUHFKDUDFWHUL]HGE\JRRGLQGLFHVRIUHSURGXFLELOLW\
DQGUHSHDWDELOLW\
Objectives
7KHDLPRI WKH VWXG\ZDV WRGHWHUPLQH WKH UHSURGXFLELOLW\
DQG UHSHDWDELOLW\ RI FHUYLFDO FRQVLVWHQF\ HYDOXDWLRQ SHUIRUPHG
ZLWKWKHXVHRIWKH(,E\WZRLQGHSHQGHQWREVHUYHUV
Material and Methods
,PDJHVRIWKHFHUYL[XVLQJ%PRGHXOWUDVRXQGLQWKHVDJLWWDO
VHFWLRQ)LJXUHZHUHREWDLQHGZLWK WKHXVHRID WUDQVYDJLQDO
SUREH0K]'XDOPRGHGLVSOD\LQJ%PRGHDQGHODVWRJUDP
ZDV HQDEOHG (ODVWRJUDSK\ LPDJHV RI WKH XWHULQH FHUYL[ ZHUH
REWDLQHG XVLQJ (ODVWRVFDQ VRIWZDUH LQ 0HGLVRQ$FFXYL[ 9
FRORUPDSQXPEHUFRGLQJKDUGDVSXUSOH VRIWDV UHG )LJXUH
1RSUHVVXUHZDVDSSOLHGWRWKHFHUYL[DVDUWHULDOSXOVDWLRQDQG
EUHDWKLQJPRYHPHQWVSURGXFHGVXI¿FLHQWVWUDLQZLWKLQWKHFHUYL[
WRJHQHUDWHDQLPDJH
7KHLPDJHZDVGHHPHGWREHRIJRRGTXDOLW\ZKHQ
WKHFHUYL[RFFXSLHGDWOHDVWRIWKHLPDJHDUHD
WKHLQWHUQDODQGH[WHUQDORVDQGFHUYLFDOFDQDOZHUHYLVLEOH
LQ%PRGH
DPQLRWLFÀXLGDQGXULQHZHUHFRGHGDVUHGLIYLVLEOHIHWDO
VFXOODVSXUSOHLIYLVLEOH
$QXPHULFVFDOH±SXUSOH±EOXH±JUHHQ±\HOORZ
DQG±UHGZDVXVHG>@7KH LQWHUQDORVZDVGH¿QHGDVD
URXQGDUHDRIPPLQGLDPHWHU IUHHRIDPQLRWLFÀXLGRU IHWDO
SDUWV WKHH[WHUQDORV±DUHDRIWKHVDPHVL]HQRWLQFOXGLQJWKH
YDJLQDOZDOO WKH FHUYLFDO FDQDO DV WKH VRIWHVW SDUW RI WKH FDQDO
H[FOXGLQJRUL¿FHVDQGZDOOVRI WKHFHUYL[DV WKHVRIWHVWSDUWRI
WKHP
7KHLPDJHVZHUHHYDOXDWHGE\DVVLJQLQJ(,VFRUHVWRHDFKSDUW
RIWKHFHUYL[WRGHWHUPLQHWKHLUPD[LPXPVRIWQHVVYDOXHV$WRWDO
RILPDJHVZHUHHYDOXDWHGWZLFHE\DQH[SHULHQFHGRSHUDWRU
06) DW DRQHZHHN LQWHUYDO DW OHDVW7KHQ DQ LQH[SHULHQFHG
RSHUDWRU=3ZDVLQVWUXFWHGRQFHKRZWRDVVHVVWKHHODVWRJUDP
DQGHYDOXDWHGWKHVDPHLPDJHVWZLFHDVZHOO
7KHLPDJHVZHUHWDNHQIURPSDWLHQWVRIWKH'HSDUWPHQW
RI 2EVWHWULFV0HGLFDO 8QLYHUVLW\ RI *GDQVN EHWZHHQ  DQG
ZHHNV RI JHVWDWLRQ 7KH /RFDO (WKLFV &RPPLWWHH DSSURYHG
RI WKHVWXG\SURWRFRO$OOSDUWLFLSDQWVZHUHVFDQQHGHYHU\WLPH
WKHUHZDV DQ LQGLFDWLRQ IRU D YDJLQDO H[DPLQDWLRQ EXWZLWK QR
SDUWLFXODULQGLFDWLRQIRUDQXOWUDVRXQGDVVHVVPHQWRIWKHFHUYL[
%RWK RSHUDWRUV SHUIRUPHG WKH VHFRQG HYDOXDWLRQ RI WKH LPDJHV
VHYHQGD\VDIWHUWKH¿UVWDVVHVVPHQWWREOLQGWKHPVHOYHVWRWKHLU
¿UVWDQDO\VLV
7KHUHVXOWVZHUHUHFRUGHGLQ0LFURVRIW2I¿FH3UR([FHO
:RUNVKHHW 9DULDELOLW\ LQ SRLQWV DQG &RHI¿FLHQW RI 9DULDWLRQ
&9DQGUHSHDWDELOLW\&9RIWKHFHUYL[HYDOXDWLRQZHUH
FDOFXODWHGXVLQJ6WDWLVWLFD
Results
,QDFRKRUWRILPDJHVDOORIWKHGHVLJQDWHGSDUWVZHUH
GHVFULEHGXVLQJWKH(,WZLFHE\ERWKRSHUDWRUVZLWKQRPLVVLQJ
GDWD7KH(,YDOXHVZHUHQRWQRUPDOO\GLVWULEXWHG0HGLDQVDQG
6WDQGDUG'HYLDWLRQVRIWKH(,DUHSUHVHQWHGLQ7DEOH,
7DEOH,,SUHVHQWVLQWHUDVVD\&9IRUHYHU\SDUWRIWKHFHUYL[
 Streszczenie
Cel pracy: Ocena zmienności między badaczami i odtwarzalności oceny obrazów elastograﬁcznych szyjki macicy 
ciężarnej przy użyciu Indeksu Elastograﬁcznego.
Materiał i metody: W trakcie badania ultrasonograﬁcznego szyjki macicy wykonywano dodatkowo zdjęcia elasto-
graﬁczne. Do opisania uzyskanych zdjęć używano skali liczbowej opublikowanej wcześniej przez autorów nazwanej 
Indeksem Elastograﬁcznym (EI). Każda z dwóch osób biorących udział w badaniu (jedna doświadczona w użyciu 
EI, jedna używając tej skali po raz pierwszy) dwukrotnie oceniła 282 zdjęcia. 
Wyniki: Zmienność między oceniającymi nie przekraczała 10%, odtwarzalność była wyższa niż 90% dla ujścia 
wewnętrznego, środkowej części kanału szyjki i ujścia zewnętrznego. Zmienność między badaczami (inter-assay 
Coeﬃcient of Variation – CV) wynosiła odpowiednio 1,84%, 6,76% i 7,27%, oraz 5,84% dla przedniej wargi szyjki 
macicy i 16,74% dla tylnej wargi szyjki macicy. W analizie obejmującej tylko drugą ocenę każdego z badających nie 
wykazano różnic istotnych statystycznie pomiędzy badaczami również w ocenie tylnej wargi szyjki macicy (test F; 
p=0,09).  
Wnioski: Autorzy udowodnili zadowalająco niską zmienność między badaczami oraz satysfakcjonującą powta-
rzalność oceny obrazów elastograﬁcznych szyjki macicy ciężarnej przy użyciu Indeksu Elastograﬁcznego zarówno 
u osoby doświadczonej jak i dokonującej oceny po raz pierwszy. 
 Słowa kluczowe: elastogra¿a / ZiarygodnoĞü / poZtar]alnoĞü / odtZar]alnoĞü /
     / szyjka macicy /
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,PDJHV ZKLFK JHQHUDWHG GLVFUHSDQW LQWHUSUHWDWLRQV ZHUH
DQDO\]HG WR XQFRYHU UHDVRQV IRU GLYHUVH RSLQLRQV RI ERWK
RSHUDWRUV 7KH FDXVH WXUQHG RXW WR EH GLIIHUHQW LQWHUSUHWDWLRQV
RI WKH GH¿QLWLRQV RI WKH FHUYLFDO DUHDV WR EH DVVHVVHG HJ
LQFRUSRUDWLQJDPQLRWLFÀXLGIXQQHOLQJWRWKHFHUYLFDOFDQDOLQWR
WKHUHJLRQHYDOXDWHGDVWKHLQWHUQDORVUHVXOWHGLQDQLQFUHDVHRI
WKH(,VFRUHDVVLJQHGWRWKDWSDUWRIWKHFHUYL[DPQLRWLFÀXLGLV
DOZD\V VRIWZLWK(, 7KHELJJHVW GLIIHUHQFHVZHUH IRXQG LQ
GH¿QLQJWKHSRVWHULRUZDOO)LJXUH
)WHVW FRPSDULQJ UHVXOWV QXPEHU  DQGQXPEHU  IRU HDFK
RSHUDWRUZDVSHUIRUPHG'LIIHUHQFHVLQUHVXOWGLVWULEXWLRQIRUWKH
H[SHULHQFHGRSHUDWRU06)ZHUHQRWVLJQL¿FDQWIRUDOOFHUYLFDO
DUHDV  7KH SYDOXH IRU WKH LQH[SHULHQFHG RSHUDWRU =3 ZDV
VLJQL¿FDQWRQO\IRUWKH¿UVWHYDOXDWLRQRIWKHLQWHUQDORVS 
DQGZDVQRWVLJQL¿FDQWIRURWKHUDUHDV7DEOH,,,
7KH)WHVWZDVSHUIRUPHGDOVRWRFRPSDUH¿UVWHYDOXDWLRQV
RI06)DQG=37KHSYDOXHZDVQRWVLJQL¿FDQWH[FHSWIRUWKH
SRVWHULRU ZDOO S  FRQ¿UPLQJ WKH DERYH PHQWLRQHG
SUREOHPVZLWKGH¿QLQJWKHDUHDRIWKHSRVWHULRUZDOO
7KH DQDO\VLV RI WKH VHFRQG HYDOXDWLRQ RI ERWK RSHUDWRUV
UHYHDOHG QR VLJQL¿FDQW GLIIHUHQFHV VXJJHVWLQJ LPSURYHG
SHUIRUPDQFHRI=37DEOH,9
Table  I .  EI values for diﬀerent parts of uterine cervix – Standard Deviations for all the evaluations together and separately for each observer.
Part of the cervix Median SD SD for MSF SD for ZP
Internal os 1 1.17 1.15 1.19
Cervical canal 1 1.36 1.34 1.36
External os 1 1.33 1.34 1.32
Anterior wall 1 1.02 1.02 1.03
Posterior wall 1 1.02 1.09 0.93
SD – Standard Deviation; MSF – ﬁrst operator; ZP – second operator
Table  I I .  Inter-assay coeﬃcient of variation of EI for parts of the uterine cervix.
Part of the cervix Variability (points) &oef¿cient of Variation ()
Internal os 0,10 1,84
Cervical canal 0,49 7,27
External os 0,44 6,76
Anterior wall 0,29 5,84
Posterior wall 0,78 16,74
TOTAL 0,37 8,92
Table  I I I .  Diﬀerence in EI distribution for the ﬁrst (MSF) and second (ZP) operator. 
Part of the cervix F-test for MSF F-test for ZP
Internal os 0.75 0.01
Cervical canal 0.70 0.86
External os 0.97 0.79
Anterior wall 0.39 0.18
Posterior wall 0.67 0.08
Table  IV.  Diﬀerence between operators in EI distribution for the ﬁrst and second series. 
Part of the cervix F-test for ¿rst series F-test for second series
Internal os 0.12 0.49
Cervical canal 0.91 0.76
External os 0.89 0.66
Anterior wall 0.33 0.21
Posterior wall 0.0001 0.09
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Discussion
7KH XWHULQH FHUYL[ XQGHUJRHV FKDQJHV OHDGLQJ WR GHOLYHU\
DW WKH HQG RI SUHJQDQF\ ,WV VWLIIQHVV GHFUHDVHV EHIRUH ODERU
DQGWKH%LVKRSVFRUHLVWKHWRROIRUVXEMHFWLYHDVVHVVPHQWRIWKH
FHUYLFDOULSHQLQJ>@&HUYLFDOPDWXUDWLRQLVDVLJQRIWKUHDWHQHG
SUHWHUPGHOLYHU\LIREVHUYHGWRRHDUO\LQSUHJQDQF\RUDVLJQ
RIDSSURDFKLQJODERULIREVHUYHGDWWHUP7KH%LVKRSVFRUHDV
DVXEMHFWLYHIHDWXUHLVYHU\GLI¿FXOWWRLQWHUSUHWDQGLWVSUHGLFWLYH
YDOXHLVOLPLWHG,QWURGXFWLRQRIWKHXOWUDVRXQGPHDVXUHPHQWVRI
WKHLQWHUQDORVGLODWDWLRQDQGFHUYLFDOFDQDOOHQJWKLQFUHDVHGWKH
VHQVLWLYLW\DQGVSHFL¿FLW\RISUHGLFWLRQRISUHWHUPGHOLYHU\DQG
VXFFHVVRIODERULQGXFWLRQEXWLWLVVWLOOIDUIURPLGHDO>@
(ODVWRJUDSK\ PD\ KHOS WR HYDOXDWH WKH FRQVLVWHQF\ RI
WKH FHUYL[ DQG KDV D SRVLWLYH FRUUHODWLRQ ZLWK ODERU LQGXFWLRQ
VXFFHVV >@ (YHU\ GLDJQRVWLF WRRO RXJKW WR EH UHOLDEOH DQG
UHSURGXFLELOLW\RIHDFKQHZPHWKRGVKRXOGEHVWXGLHGWRSURYHLW
LVIXOO\UHSHDWDEOH>@
$QDO\VHVRIWKHUHSHDWDELOLW\RIHYDOXDWLRQRIWKH(ODVWRVFDQ
LPDJHRIWKHXWHULQHFHUYL[GXULQJSUHJQDQF\ZLWKWKHXVHRI(,
JHQHUDWHGVDWLVIDFWRU\UHVXOWVZLWKWKHH[FHSWLRQRIWKHSRVWHULRU
ZDOO5HVXOWVIRUWKHRWKHUDUHDVRIWKHFHUYL[KDG&9RI±D
YDOXHDFFHSWHGE\PRVWFOLQLFLDQV
$VVHVVPHQWRIWKHVDPHLPDJHVE\WKHH[SHULHQFHGRSHUDWRU
UHYHDOHGQRXQDFFHSWDEOHYDULDWLRQVEHWZHHQWKH¿UVWDQGVHFRQG
HYDOXDWLRQ$OHDUQLQJFXUYHZDVVXJJHVWHGLQWKHWZRVHULHVRI
HYDOXDWLRQVSHUIRUPHGE\ WKH LQH[SHULHQFHGRSHUDWRU$IWHU WKH
LQLWLDOSUREOHPVZLWKGH¿QLQJWKHLQWHUQDORVDUHDDQGDVVLJQLQJ
SRLQWVRI(, LQFDVHVZKHUHWKHDPQLRWLFÀXLGZDVSUHVHQW LQ
IXQQHOLQJ RI WKH FHUYLFDO FDQDO WKH VHFRQG VHULHV HYDOXDWLRQV
ZHUHVLPLODUWRWKHUHVXOWVRIWKHH[SHULHQFHGRSHUDWRU
Conclusions
7KHUHVXOWVRIRXUVWXG\VXJJHVWWKDW(,LVDWRROZKLFKFDQ
EHHDVLO\DSSOLHGHYHQE\VRQRJUDSKHUVXQIDPLOLDUZLWKWKLVQHZ
PHWKRGRIYLVXDOL]DWLRQ>@$OVR LWGRHVQRW UHTXLUHD ORQJ
WUDLQLQJWREHUHOLDEOH'LVFUHSDQFLHVEHWZHHQ(,VFRUHVDVVLJQHG
LQ WKH LQGHSHQGHQW DVVHVVPHQWV UHVXOWHG IURP GLIIHUHQFHV LQ
WKH LGHQWL¿FDWLRQRI WKH FHUYLFDOSDUWV7KXV DVVHVVPHQWRI WKH
%PRGH LPDJHRI WKH FHUYL[E\ WKHRSHUDWRU LV HVVHQWLDO LQ WKH
(, HYDOXDWLRQ VLPLODUO\ WR WKHPHDVXUHPHQWVRI WKH LQWHUQDORV
DQGFHUYLFDOFDQDO7KHTXHVWLRQKRZWRGH¿QHWKHHYDOXDWHGDUHD
RI WKH FHUYL[ WR DFKLHYH WKH EHVW UHVXOWV LQ SUHGLFWLQJ SUHWHUP
GHOLYHU\DQGFHUYLFDOPDWXULW\DW WHUP UHPDLQV WREHDGGUHVVHG
E\IXWXUHVWXGLHV
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Figure 1. Image of uterine cervix in B-mode.  
 
Figure 3. Posterior wall of the uterine cervix deﬁned by two operators. 
White lines deﬁne posterior outlineation of posterior wall of the cervix. In the image on 
the right it included the yellow patch into the posterior wall, in the image on the left it 
was excluded. 
 
Figure 2. Elastography of uterine cervix with cervical canal and both oriﬁces softer 
than cervical walls. 
A – internal os (red, Elastography Index = 4 points) 
B – external os (red, Elastography Index = 4 points) 
C – cervical canal (from blue to yellow, Elastography Index = 3 points) 
D – anterior wall of the cervix (purple, blue and yellow, Elastography Index = 3 points) 
E – posterior wall of the cervix (purple and blue, Elastography Index = 2 points) 
Diﬀerence in stiﬀness of cervical  parts is visualized as diﬀerent colors in elastography. 
Elastography Index is evaluated as the color representing the softest tissue visible in the 
chosen part of the cervix.
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